Magnetic topological insulators provide an important materials platform to explore emergent quantum phenomena such as the quantized anomalous Hall (QAH) effect, Majorana modes and the axion insulator state, etc. Recently, MnBi2Te4 was discovered to be the first material realization of a van der Waals (vdW) antiferromagnetic topological insulator (TI). In the two-dimensional (2D) limit, at a record high temperature of 4.5 K, MnBi2Te4 manifests the QAH effect in the forced ferromagnetic state above 12 T. To realize the QAH effect at lower fields, it is essential to search for magnetic TIs with lower saturation fields. By realizing a bulk vdW material MnBi4Te7 with alternating [MnBi2Te4] and [Bi2Te3] layers, we suggest that it is ferromagnetic in plane but antiferromagnetic along the c axis with a small out-of-plane saturation field of ~ 0.22 T at 2 K. Our angle-resolved photoemission spectroscopy and first-principles calculations further demonstrate that MnBi4Te7 is a Z2 antiferromagnetic TI with two types of surface states associated with the [MnBi2Te4] or [Bi2Te3] termination, respectively. Therefore, MnBi4Te7 provides a new material platform to investigate emergent topological phenomena associated with the QAH effect at much lower magnetic fields in its 2D limit.
Introduction

Magnetic topological insulators (MTI), including Chern insulators with a Z-invariant and
antiferromagnetic (AFM) topological insulators (TIs) with a Z2-invariant, provide fertile ground for the exploration of emergent quantum phenomena such as the quantum anomalous Hall (QAH) effect, Majorana modes, the topological magnetoelectric effect, the proximity effect, etc 1,2 . Although the QAH effect has been experimentally realized in magnetically doped topological insulator Cr0.15(Bi0.1Sb0.9)1.85Te3 thin films 3 , the unavoidable sample inhomogeneity in doped materials restrains the investigation of associated emergent phenomena under strict experimental conditions. Stoichiometric MTIs are expected to have homogeneous electronic and magnetic properties, which may provide new opportunities to study the QAH effect. Recently, MnBi2Te4 was discovered to be an intrinsic AFM TI [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . In its two-dimensional (2D) limit, quantized Hall conductance originating from the topological protected chiral edge states was realized in odd number of slabs 16 . However, probably because the uncompensated single FM layer cannot provide enough Zeeman field to realize the band inversion in only one spin channel, to observe such a QAH effect, a magnetic field of 12 T at 4.5 K or 6 T at 1.5 K is required to fully polarize the AFM spins into a forced ferromagnetic (FM) state 16 .
How can we achieve the QAH effect at much lower magnetic fields in AFM TIs so that the associated emergent phenomena could be studied at more accessible conditions and the Fig. 1(a) . Through our transport, thermodynamic, angle-resolved photoemission spectroscopy (ARPES) and firstprinciples calculations, we discovered that MnBi4Te7 is a Z2 AFM TI with an out-of-plane saturation field as low as 0.22 T, 40 times lower than that of MnBi2Te4. Our finding provides a superior new material realization to explore the QAHE and associated phenomena. The inset of Fig. 1(b) shows a picture of a MnBi4Te7 single crystal against a 1-mm scale, where the shiny cleaved ab surface can be seen.
Results
A-type antiferromagnetism in MnBi
The magnetic properties are depicted in Figs. 1(c)-(e). The data show a dominant FM mean field. By analogy to other layered systems, the Mn moments presumably order in the Atype AFM structure with c axis as the magnetic easy axis, as shown in Fig. 1(a) .
Furthermore, MnBi4Te7 has much weaker interlayer exchange interaction than that of MnBi2Te4. monotonically deceases by 10% from 0 T to , followed by a sudden 14% drop up to .
The system displays evident anomalous Hall effect (AHE) as seen in the bottom panel of Fig. 2(a) . Our (H) is linear up to 9 T above 50 K (Fig. S3) Fig. 1(a) . This magnetic space group is derived from its nonmagnetic space group by adding an extra sublattice generated by an operation that combines time-reversal T with a fractional translation 1/2 . Then the full magnetic group is built as GM = G + GS, where S is a combinatory symmetry S = T 1/2 with 1/2 the half translation along the c axis of the AFM primitive cell. Although the explicit T-symmetry is broken, the S symmetry (also referred to nonsymmorphic timereversal 27 ) still exists in bulk MnBi4Te7. In addition, MnBi4Te7 has inversion symmetry P, while the square of the symmetry operator PS equals to -1 at an arbitrary k in momentum space. Therefore, analogous to TI with T-symmetry where Kramer's degeneracy is induced by T 2 = -1, in MnBi4Te7 the existence of the PS symmetry ensures an equivalent Kramer's degeneracy in the whole Brillion zone, and thus a Z2 topological classification. Indeed, under the same experimental conditions, we consistently observed two types of ARPES spectra on different parts of the sample in real space, as plotted in Fig. 4(b) and Fig. 4(e) . The corresponding curvature method plots are shown in Fig. 4(c) and Fig. 4(f) for reference. To the first order, these two spectra show similar features, including strong intensity on the electron pockets and Dirac-cone like surface states with much weaker intensity. We interpret these two as spectra from the [MnBi2Te4] SL termination and the AFM TI MnBi2Te4 in its 2D limit is predicted to exhibit an oscillation between QAH insulator and zero-plateau QAH insulator for odd and even number of SLs, respectively, when the sample is thicker than 3SLs 13 . This prediction has recently been experimentally observed in atomic-thin MnBi2Te4 show that it is a Z2 antiferromagnetic topological insulator with two distinct (001) surface states from [Bi2Te3] and [MnBi2Te4] termination, respectively. Due to its superlattice nature, in the two-dimensional limit, it serves as natural heterostructures. The extremely low saturation field thus makes it an ideal system to study the quantized anomalous Hall effect, quantum spin Hall effect and associated emergent phenomena.
Methods
Sample growth and characterization. Single crystals of MnBi4Te7 were grown using selfflux 11 . Although Bi2Te3 is the inevitable side product, we can differentiate MnBi4Te7 pieces 11 by measuring their (0 0 l) diffraction peaks. In each growth, a few sizable plate-like MnBi4Te7 single crystals with typical dimensions of 3 × 3 × 0.5 3 were obtained.
To confirm the phase, X-ray diffraction data were collected using a PANalytical Empyrean diffractometer (Cu Kα radiation). Samples used for powder X-ray diffraction were ground into powder inside aceton solution to reduce the preferred orientation. Electric resistivity and heat capacity data were measured in a Quantum Design (QD) DynaCool Physical
Properties Measurement System (DynaCool PPMS). The magnetization data were measured in a QD Magnetic Properties Measurement System (QD MPMS). All magnetic data were calculated assuming the molar ratio between MnBi4Te7 and Bi2Te3 flux is 86 :
14 in the sample suggested by powder X-ray refinement (Fig. S1 ). Magnetic data measured for H || c were corrected with a demagnetization factor. The U value is set to be 5 eV, which is tested by Ref. [6] . The k-points-resolved value of BZ sampling is 0.02 × 2 /Å. The total energy minimization is performed with a tolerance of 10 -6 eV. The crystal structure is full relaxed until the atomic force on each atom is less than 10 -2 eV Å . SOC is included self-consistently throughout the calculations. We 
